Objective Youth with Type 1 diabetes (T1D) from single-parent families have poorer glycemic control; a finding confounded with socioeconomic status (SES). Family density (FD), or youth:adult ratio, may better characterize family risk status. Methods Structural equation modeling assessed the relation of single-parent status, SES, and FD to parenting stress, diabetes-related conflict, parental monitoring, adherence, and glycemic control using cross-sectional parent and youth data (n ¼ 257). Results Single-parent status exhibited similar relations as SES and was removed. Lower FD was associated with better glycemic control (b ¼ À.29, p ¼ .014) via less conflict (b ¼ .17, p ¼ .038) and greater adherence (b ¼ À.54, p < .001). Conclusions Beyond SES, FD plays a significant role in adherence and glycemic control via diabetes-related conflict. In contrast, the effects of single-parent status were indistinguishable from those of SES. FD provides distinct information related to adolescent glycemic control.
Introduction
Type 1 diabetes (T1D) is a complex chronic illness that affects approximately 2.4 per 1,000 youth aged <20 years in the United States (Menke et al., 2013) . Management of TID is multifaceted and requires adherence to numerous disease care behaviors by adolescents and their parents. Developmental changes and family factors associated with adolescence often result in poorer disease care behaviors and, subsequently, poorer glycemic control. Thus, study of family attributes related to poorer adherence and glycemic control could help avoid long-term disease complications (Nathan and DCCT/EDIC Research Group, 2014) . In the past decade, family structure or marital status (MS) has been emphasized as a relatively unstudied family factor that predictably relates to youth disease care and glycemic control (Brown et al., 2008) at the same time that rapid shifts in family demographic characteristics have occurred (U.S. Census Bureau, 2012).
Adolescents from single-parent families tend to be in poorer glycemic control compared with those from two-parent families (Thompson, Auslander, & White, 2001 ). The percentage of American children living in two-parent families has decreased from 77% in 1980 to 64% in 2012; such that, approximately 4 in 10 children live in single-parent homes (U.S. Census Bureau, 2012) . Despite this changing demographic, little psychological research on family structure has occurred. Although MS is the traditional measure of family structure, it may not be the best indicator of parental time and resources available for a youth with a chronic illness. Family density (FD), or the ratio of children to adults in a home, is an alternative way to conceptualize the functional association among family structure, disease care management, and, ultimately, glycemic control. FD may be particularly germane for single-parent families of adolescents with TID because parenting multiple children may impact a parent's ability to be involved in disease care behaviors and lessen financial resources.
FD is defined as a family's total child to adult ratio. A high risk ratio is described as >2 and is an identified risk factor for diminished cognitive and behavioral development in premature infants followed for 3 years (Liaw & Brooks-Gun, 1994) . Thought to reflect the availability of adult resources in the home, no research yet exists in families with T1D youth. For example, fewer adults per child in the home may be a significant risk factor for less parental monitoring, which is detrimental for youth with TID (Berg et al., 2008; Ellis et al., 2007) . In short, FD may provide a more objective calibration of youth risk for poorer glycemic control because it accounts for the presence of other adults and children within the home instead of a simple description of parental MS.
Beyond family structure, socioeconomic status (SES) consistently has ubiquitous associations with a broad range of health-care status and outcomes (Adler et al., 1994; Conger & Donnellan, 2007; Gallo & Mathews, 2003) including glycemic control in adolescents (Drew et al., 2011; Mullins et al., 2011) . Failure to account for the effect of SES in relation to family structure and youth glycemic status disregards the confound that frequently exists between single-parent status and well-known detrimental health effects of lower SES (Brown et al., 2008; Mullins et al., 2011) . Diabetes is a relatively complex and expensive illness to manage, and lower SES, as measured by lower parental educational and occupational attainment, can be a hindrance (Chisholm et al., 2007; Hollingshead, 1975) . However, SES does not account for psychosocial factors in the home that also relate to youth glycemic control. For example, the number of children and other adults within a home may relate to level of parental stress, diabetes-related conflict, and parental monitoring (Hilliard et al., 2013) . In addition to sociodemographic characteristics of SES and family structure, a fuller understanding of youth adherence and glycemic control will require modeling these relevant psychosocial factors associated with glycemic control.
Parental Stress
Parents of youth with a chronic illness, such as T1D, often experience stress related to management of daily health-care expectations (Dodgson et al., 2000) . Parents report personal stress related to social disruption, emotional strain, and financial strain (Dodgson et al., 2000) . Frequency of parenting stress is higher in single-parent and in lower SES families (Streisand, Swift, Wickmark, Chen, & Holmes, 2005) , but parental stress in FD is unstudied. A higher ratio of children to adults in a home, characteristic of higher-density families, may relate to more perceived parental stress.
Diabetes-Related Conflict
Diabetes-related conflict also is associated with poorer adherence and glycemic control in adolescents with T1D (Schilling, Knafl, & Grey, 2006; Wysocki, 1993) . Further, diabetes-related conflict is inversely related to less parental monitoring; the latter of which is a key cross-sectional correlate (Hilliard et al., 2013) and longitudinal predictor (Hilliard, Guilfoyle, Dolan, & Hood, 2011; Hood, Rausch, & Dolan, 2011) of poorer adherence. Single-parent and lower SES families report more diabetes-related conflict (Overstreet et al., 1995; Swift, Chen, Hershberger, & Holmes, 2006) . As such, the well-documented associations among single-parent status, lower SES, and higher diabetes-related conflict are expected. Higher FD also may be related to more conflict associated with diabetes.
Parental Monitoring
Parental monitoring is related to more adherent disease care behaviors and better glycemic control (Berg et al., 2008; Ellis et al., 2007; Palmer et al., 2011) . To date, no studies have examined the role of either family structure or SES in relation to parental monitoring; these associations remain to be defined. Single-parent status and lower SES might be expected to be related to less parental monitoring, which in turn should relate to poorer youth adherence. Higher FD also could display adverse associations with youth diabetes management and glycemic control.
Structural equation modeling will evaluate proposed relations among the key demographic factors of family structure (i.e., MS and FD) and SES to better understand their relation to parental stress, diabetes-related conflict, and parental monitoring, which in turn should relate to youth adherence and, ultimately, to glycemic control. To represent both parent and youth perception of each of these constructs, parent and youth reports will be used in the measurement strategy and combined into latent variables. While parents and youth sometimes vary in their reports, a combined construct reduces individual rater bias and allows more accurate measurement of each construct. FD, or the child:adult ratio within a home, is hypothesized to provide unique information about family structure above and beyond single-parent MS and SES (Mullins et al., 2011) , which are often confounded.
Methods

Participants
Participants were 257 adolescents (51% male) aged 11-14 years (M ¼ 12.84, SD ¼ 1.24) with T1D and a primary caregiver. Eligibility criteria included a diagnosis of T1D for at least 1 year before enrollment in the study, no other chronic illness, injury, or mental disability, and fluency in reading and writing English. Participant data are from a longitudinal randomized clinical trial of a treatment program designed to increase parent involvement and to prevent deterioration in adolescent diabetes disease care (Holmes, Chen, Mackey, Grey, & Streisand, 2014) . Questionnaire and interview data were collected from parent/youth dyads during a baseline assessment; glycemic control (A1c values) was assessed at baseline and 3 months later before initiation of treatment. The majority of adolescents were White and from middle SES families with moderate glycemic control (A1c ¼ 8.80%). Approximately two-thirds of youth were prescribed an intensive insulin regimen of continuous subcutaneous insulin infusion or basal/bolus injections. One-quarter of adolescents were from single-parent families and 10% were in higher-density families (ratio of children to adults >2). See Table I for the further description. Tables II and III report in detail the classification and overlap of families according to the family structure variables, along with associated glycemic control.
Procedure
Families of eligible participants were identified from clinic schedules during a 2.5-year enrollment period and were sent a recruitment letter detailing study involvement. Families then were contacted by telephone and invited to participate. If a parent and adolescent agreed, an assessment was scheduled concurrently with the next upcoming medical appointment. After written informed parental consent and youth assent were obtained, trained research staff interviewed an adolescent and parent separately and administered a battery of questionnaires. After completion of the baseline assessment, families received a $25 gift card. household composition, and SES. SES was measured using the Hollingshead Index of socioeconomic status (Hollingshead, 1975) . A SES score from 8 to 66 was based on reported parental education level and occupation, with higher scores indicating higher SES.
Family Structure
An FD ratio was calculated that reflected parent report of the number of children to adults within a household. A child:parent ratio >2 was considered "higher family density" to reflect both family size and indirectly the availability of adult resources in the home (Liaw & Brooks-Gun, 1994) . A second indicator of family structure, MS, was parent-reported on the demographic questionnaire administered.
Parenting Stress
Parental stress was reported by parents on the Pediatric Inventory for Parents (PIP; Streisand, Braniecki, Tercyak, & Kazak, 2001) , designed to assess frequency and difficulty of stress experienced by parents of youth with chronic or acute illness. The scale includes 42 items for which participants indicate "frequency" and "difficulty" of each item on a scale from 1 to 5 (1 ¼ never or not at all to 5 ¼ very often or extremely). Scores from the test standardization sample range from 42 to 210; M total score ¼ 94.0 6 33.3. The Cronbach's alpha coefficient was .95 (Lewin et al., 2005) .
Diabetes-Related Conflict
The Diabetes Family Conflict Scale-Revised (DFCS-R; Hood, Butler, Anderson, & Laffel, 2007) was completed by parents and youth separately to measure diabetes-related conflict. The DFCS-R consists of 19 items that assess the frequency of conflict surrounding diabetes-related management tasks, with a 3-point Likert scale from "never" to "almost never" (scale range of 19, no conflict, to 57, high conflict). The DFCS-R has appropriate construct validity, internal consistency, concurrent validity, and predictive validity (Hood et al., 2007) .
Parental Monitoring
The Parental Monitoring of Diabetes Care Scale (PMDS; Ellis et al., 2008 ) is a parent-and adolescent-completed questionnaire that assesses parental monitoring of daily diabetes management tasks. Eighteen items are rated on a 5-point Likert scale (1 ¼ more than once a day to 5 ¼ less than once a week); a final 19th item is openended. Scores range from 18 to 90; higher scores indicate more parental monitoring. Parents and adolescents completed the questionnaire separately. The PMDS has acceptable internal consistency (a ¼ .81) and test-retest reliability (intraclass correlation coefficient [ICC] ¼ .80; Ellis et al., 2008) .
Adolescents and their parents also were interviewed separately with the 24-hr Diabetes Interview (DI; Holmes et al., 2006; adapted from Johnson, Silverstein, Rosenbloom, Carter, & Cunningham, 1986) . Diabetes management tasks were queried and reported in temporal order over the previous 24 hr by each interviewee. Two samples of behaviors were elicited on two different days within a 2-week period that were averaged within reporters. Percentage of parental observation or discussion of an adolescent's daily blood glucose checks was tallied from youth and parent reports separately and was included as a second measure of parental monitoring. The 24-hr methodology is a reliable, valid, and well-established measure of diabetes self-care behavior (Freund, Johnson, Silverstein, & Thomas, 1991; Quittner, Modi, Lemanek, Ievers-Landis, & Rapoff, 2008) . 
Higher density, two parent
Lower density, two parent Adherence Disease care adherence was assessed with the Diabetes Behavioral Rating Scale (DBRS; Iannotti et al., 2006) , which was administered to parents and adolescents separately. The pump version of the measure consists of 37 items and the nonpump version consists of 36 items; higher scores reflect greater adherence. The DBRS shows satisfactory internal consistency (.84), test-retest reliability (ICC ¼ .71), and parent-adolescent agreement (.48; Iannotti et al., 2006) .
A second measure of diabetes adherence was provided from the number of adolescent-and parent-reported blood glucose checks/ day on the DI adapted from Johnson, Silverstein, Rosenbloom, Carter, & Cunningham, 1986) . Described previously, adolescents and their parents were asked separately on the DI to report the number of blood glucose checks/day. The number of checks was averaged within reporters from two separate reports obtained on different days within a 2-week period. Number of blood glucose checks/day has been used previously as a proxy indicator of diabetes self-management, with more checks linked to better glycemic control (Hilliard et al., 2011) .
Glycemic Control
Glycemic control at baseline and 3 months later was determined via medical chart reviews. 
Data Analytic Plan
The current study used structural equation modeling (SEM) to assess the associations among MS, FD, SES, parenting stress, diabetesrelated conflict, parental monitoring, diabetes adherence, and glycemic control. Structural equation modeling was conducted with Mplus 6.0 software (Muthen & Muthen, 1998 -2010 . To include all participants, a full information maximum likelihood procedure was used; those with missing data (9.72%) were presumed to have missing data at random. Demographic variables of MS and FD were not imputed. SEM tests for mediation with cross-sectional data through analysis of direct and indirect effects, known as path coefficients, among the independent, mediating, and dependent variables.
The hypothesized model consisted of five latent variables composed of parent-and youth-reported data (Figure 1) . Parentand youth-reported scores on each measure were used as indicators of the latent variables for several reasons. Inclusion of ratings from multiple reporters allows analysis of family-level data, accounts for within-family nonindependence, and more accurately represents each construct (Kenny, 1995) . Further, the inclusion of parent report and youth report reduces individual rater bias and improves the reliability of each construct (Kline, 2011) .
The data were screened for outliers, and all indices were found to be within acceptable limits for skewness and kurtosis (Kline, 2011) . Significantly correlated demographic variables were included in the model as covariates to account for contextual factors that may influence the variables of interest. Overall model fit was assessed using five empirically established indicators. A chi-square value with a p value >.05 indicates good fit (Hu & Bentler, 1999) . However, owing to the large sample size of the current study, the chi-square statistic is not considered the best assessment of fit because it is closely related to sample size. A root mean square error of approximation (RMSEA) value <.06 and a standardized root mean square residual (SRMR) value <.08 both indicate an acceptable fit (Kline, 2011) . Additionally, a comparative fit index (CFI) and a Tucker-Lewis Index (TLI) value >.90 indicate an acceptable fit (Hu & Bentler, 1999) . Initially, the fit and indicator loadings of each of the five latent variables were examined in the measurement model. Model fit was improved in accordance with Mplus-suggested modification guidelines (Kline, 2011) . Second, the fit and standardized path loadings were evaluated in the hypothesized mediation model.
Results
Descriptive Information
Parents in the current sample reported normative levels of both frequency and difficulty of experienced stress (PIP; Streisand et al., 2001) .Comparably high, though normative, levels of diabetesrelated conflict were reported by parents and youth (DFCS-R; Hood et al., 2007) . Parents and youth also reported relatively low, though normative, levels of diabetes regimen adherence (DBRS; Iannotti et al., 2006) . Normative data about parental monitoring were not available (PMDC; Ellis et al., 2008) . Mean A1c was higher than recommended by the ADA (2011) for this age (range 5.90-14.00%). For a complete report of the means, standard deviations, and correlations among key study variables, see Table IV .
Model Testing
The hypothesized measurement model consisted of five latent variables. The first, parenting stress, included parental report of the frequency and difficulty of stress from the PIP. The second construct, diabetes-related conflict, consisted of parent and youth report of conflict from the DFCS-R. A third construct of parental monitoring was composed of parent and youth reports from the PMDC and parent/youth reports of the percentage of observed/discussed blood glucose monitoring from the 24-hr DI. A fourth latent variable, regimen adherence, included parent and youth report of diabetes regimen adherence from the DBRS and parent/youth report of the average number of blood glucose checks/day from the 24-hr DI. A fifth construct, glycemic control, included two A1c values obtained at baseline and 3 months later. The complete measurement model is depicted in Figure 1 .
An initial SEM analysis contained three observed demographic variables of MS (i.e., single-parent status), FD, and SES, but did not fit the data well. Inspection of the model revealed similar paths from the MS and the SES variables to stress and conflict, such that singleparent status and lower SES demographic variables were not statistically distinctive from one another. Further, SES showed stronger path coefficients, such that MS was removed from the model to improve model convergence. Less diabetes-related conflict and less parenting stress were associated with White ethnicity (b ¼ .32, p < .001, b ¼ .15, p ¼ .011, respectively). Greater regimen adherence was associated with the use of an intensive insulin regimen (b ¼ .27, p ¼ .002). Higher levels of parental monitoring were associated with younger youth age (b ¼ À.41, p < .001). Overall, the model accounted for 6% of the variance in parenting stress, 24% of the variance in parental monitoring, 37% of the variance in diabetes-related conflict, 73% of the variance in regimen adherence, and 45% of the variance in A1c.
Post hoc analyses were conducted to ascertain the utility of different classifications of family structure. First, a multiple regression was conducted with MS, FD, and SES as independent variables and A1c as the dependent variable. Regression results confirmed that
Order of entry of the family structure variable, i.e., MS or FD, did not change the results (Table II) ANOVA revealed a main effect of FD (F(1, 240) ¼ 11.50, p ¼ .001) but not MS; the interaction term also was not significant. Table III shows the ANOVA results.
Discussion
Family structure indictors of MS and FD were evaluated, along with frequently confounded SES, to better understand the roles of each in youth diabetes care and glycemic control. In the SEM model proposed, MS did not provide unique information beyond SES and was removed from the final model. In contrast, the novel indicator of FD was related to both youth diabetes care and glycemic control, beyond the well-established effects of SES. Specifically, both higher FD and lower SES were associated with more diabetes-related conflict that in turn related directly and indirectly to poorer glycemic control; the latter indirect path occurred via less adherent behaviors. Together, sociodemographic factors of FD and SES explained 16% of the variance in glycemic control (Figure 2 ). Unlike SES, higher FD was not related to more parental stress. Lower SES families had parents who reported higher stress. Interestingly, neither sociodemographic factor of FD nor SES related to parental monitoring, which may have positive implications for clinical efforts to improve youth adherence. Parental monitoring appears free of measured sociodemographic factors that frequently can impede clinical care. Higher diabetes-related conflict is consistently related to both poorer adherence and glycemic control in the literature (Hilliard et al., 2011 (Hilliard et al., , 2013 Wysocki, 1993) . As expected, in the present study, both higher FD and lower SES related to higher conflict that Family Density, SES, and Glycemic Controlin turn related both directly and indirectly to poorer glycemic control; the latter via poorer diabetes adherence. Lower SES is known to have adverse educational and financial associations with poorer health outcomes across a broad age span and array of illnesses (Adler et al., 1994) , including diabetes (Overstreet et al., 1995; Swift et al., 2006) . New to this literature, the present study shows higher FD, above and beyond SES, is another sociodemographic risk factor related to more diabetes-related conflict and, ultimately, to poorer diabetes adherence and glycemic control. In contrast, FD did not relate to more parenting stress, although lower SES did. The association of lower SES, but not higher FD, implicates the educational and financial strains posed by parenting a youth with a relatively complex and expensive chronic medical condition (Mullins et al., 2011; Overstreet et al., 1995; Powell et al., 2013) . Interestingly, a relation was found between more parenting stress and better youth adherence. Mild elevations of stress may activate parental arousal to foster better youth adherence in this predominantly middle-class sample, even though more stress in other samples is associated with a number of risk factors including poorer parental mental health (Helgeson et al., 2012) . As parents play a crucial role in the healthy development and diabetes management of their youth , awareness of level of parenting stress should be considered in the clinical management of youth.
Finally, neither sociodemographic factor of FD nor SES related to parental monitoring of youth diabetes care behaviors. The relative independence of parental monitoring from these two generally unalterable demographic features may have favorable implications for interventions because more parental monitoring consistently relates to better youth adherence (Berg et al., 2008; Ellis et al., 2007; Palmer et al., 2011) . In the present study, more parental monitoring related directly to greater disease adherence, as expected, and indirectly related to better glycemic control. The independence of these associations from the sociodemographic constraints of FD and SES potentially opens a promising avenue of intervention for preadolescent youth. Interventions that focus on sustained parental monitoring throughout adolescence may avoid age-related decline in parental monitoring and a corresponding decline in youth adherence that often occurs . Interestingly, more diabetes-related conflict related to less parental monitoring and again underscores the adverse and potentially pervasive relations of diabetes-related conflict to daily disease management. As noted, family conflict warrants immediate clinical attention.
Given the novelty of the FD construct versus the more traditionally studied construct of MS, differences in the conceptualization of family structure were evaluated post hoc to determine their degree of overlap and differences in youth glycemic control. Table II reflects FD was the only family structure indicator beyond SES that related to glycemic control in youth, although it accounted for less variance than SES. Further, when the two family structure classifications were compared for overlap, youth from higher-density families, whether single-or two-parent, experienced poorer glycemic control than those from lower-density families, regardless of MS (see Table III ). These additional findings support the contention that FD may better reflect salient family structure features related to disease management than MS. These results also support the decision to remove MS from the current study's initial SEM model when the model did not converge. Beyond its potentially greater precision, the FD construct also may reduce perceived family social stigma that may be associated with single-parent status. Higher FD could be a more objective reflection of the demands on available parental time than single-parent status. The current demographic trend toward a greater likelihood that youth will live in a single-parent home at some point during their childhood (U.S. Census Bureau, 2012) suggests that methods to better represent family structure risk, perhaps with FD, could be both more accurate and potentially more useful clinically. Established patterns of SES-related diabetes functioning were confirmed in this study and anchor FD as an additional demographic indicator to weigh in the treatment of youth with diabetes. Earlier calls were made for more study of single parents to understand the poorer disease status of youth with chronic illnesses (Brown et al., 2008) along with consideration of other family constellations such as blended families (Powell & Holmes, 2013) . However, FD may prove to be a better demographic refinement over MS that better accounts for relevant diabetes management, at least within predominantly middle-class samples such as the present one. Importantly, FD related to glycemic status above and beyond the associations found with SES, suggesting it adds unique information to understanding pediatric glycemic control. Overall, the SEM model accounted for 73% of the variance in regimen adherence, and 45% of the variance in A1c.
Although potential risk factors for poorer glycemic control are identified, these cross-sectional data dictate that no causal or bidirectional relations can be inferred among the variables. Future research should examine these constructs longitudinally. Additionally, families in this sample were recruited as part of an 18-month treatment study with multiple assessments, such that that this sample may not be representative of the general population of adolescents with T1D. Similarly, limited variability in SES reduces generalization to those primarily from middle-or upper-class families. Future studies may wish to examine these relations across broader socioeconomic and developmental age ranges. Despite these limitations, strengths include the use of multisource youth and parent reports of key diabetes care factors along with inclusion of SES measurement. Further, comprehensive SEM analysis allowed modeling of simultaneous interrelations of demographic and disease management factors related to glycemic control.
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